The aim of this study was to evaluate the feed, energy and protein intakes of horses engaged in different performances by reviewing results and data concerning feed consumption in 17 feeding trials with a total 356 horses, conducted between 1972 and 1992. The dry matter intake was found to average 1.6-1.8% ofbody weight for working horses and pregnant mares, and 2-3.5% for lactating mares. According to the results most of the exercising horses could be fed with energy and protein amounts currently recommended for moderate work. In Standardbred trotters, the average energy intake corresponded to the current requirements for light work. The individual variation in energy consumption among horses engaged in work of the same intensity was considerable, and seemed to be larger for Finnhorses than for warmblooded horses. The establishment of new nutrient requirements and feeding recommendations separately for trotters and riding horses of these two breeds, i.e. Finnhorses and warmblooded horses, seems justified.
Introduction
The Finnish feeding recommendations and nutrient requirements of horses are based mainly on old feeding standards for horses used in farm work (e.g. Poijärvi 1938 ). Attempts have also been made to adapt and apply recommendations used in some other countries. A number of recommendations have been published for Finnish horse owners and breeders (e.g. Aalto 1954 , Salo et. al. 1990 , Peltonen 1988 , Saastamoinen 1989 , as well as internationally by Peltonen (1986) and Staun (1990) .
It may be that the current Finnish feeding recommendations misjudge the energy and protein needs of modem horses. Moreover, they ignore the differences between breed and purpose of the horses (e.g. warmblooded horses vs. Finnhorses; trotter vs. saddle horse). These defects are most obvious in the case of adult exercising horses, since nutritional research in Finland has been focused mainly on brood mares and foals, while the nutrition of exercising horses has received only limited attention.
Evaluation of nutrient allowances is needed to determine the actual nutrient requirements of horses. The aim of this study, therefore, was to review the feeding data and results of a number of Finnish feeding trials in order to assess the feed, energy and protein intakes of horses engaged in differentactivities. These estimates were then compared to the current feeding recommendations used in Finland and in some other countries. Peltonen et al. (1978) 16 Fh tr 525 1.5 ho, h-o-gp Kossila et al. (1979) 18 Fh pui 550 1.5 h-o, h-o-op Saastamoinen (1983) The trials of which results and data on feed consumption were available are presented in Table 1 . The trials were carried out between 1972and 1992. A total of 356 horses were involved in the reviewed trials, representing different breeds and purposes. Only one of these trials (Kossila et al. 1972 ) had been conducted for the purpose of measuring the nutrient intake of the horses. The other trials had been made to compare various feeds, diets and nutrient levels, and the horses fed to maintain their body weight and visual body condition. The forageto-grain ratios in the trials were about 1 to 0.5-0.6.
Determination of energy and protein intakes
Energy allowances were determined in terms of fattening feed units (FFU). Metabolizable energy (ME) values for feeds were also given in some trials, or if not, they were calculated from the digestible nutrients of the feed according to MAFF (1975) . Digestible energy (DE) intakes were then converted from the ME intakes using the ME/DE ratio 0.900 (Reid and White 1978 , Vermorel et al. 1984 , Vermorel et al. 1991 to compare the energy intakes to German and American recommendations. Protein was measured as digestible crude protein (DCP) .
To obtain the energy intake required for work, the average maintenancerequirements of the horses were estimated as presented by Salo et al. (1990) , Dlg (1984) and Nrc (1989) . The difference between Dlg (1984) and Nrc (1989) , in this case, is that Dlg (1984) uses metabolic weight (weight 0 75 ) instead of body weight. All results in the present study are for a horse weighing 500 kg.
Results and discussion

Dry matter intake
The variation in dry matter (DM) intake between horses in different uses was small (Table 2 ). The average DM intake of working horses in the reviewed trials varied from 8.0 to 8.8 kg per day. This is equivalent to 1.6-1.8% of the body weight and agrees with both DLG (1984) and NRC (1989) . However, in Finland, this corresponds only to the recommendations for horses performing light (farm) work (Poijärvi 1938) . For pregnant and lactating mares, the DM intake in the reviewed trials was 8.0 to 8.5 kg and 10.0 to 18.0 kg, respectively.
Energy intake Work
The average daily energy intake of a 500 kg Standardbred trotter (n=9 horses) has been reported to be 5.5 FFU (80.9 MJ DE) (SAASTAMOINEN and Hyyppä, unpublished). The equivalent for Finnhorse trotters (n=so) can be calculated to be 6.1 FFU (89.7 MJ DE) (Peltonen et al. 1978 , Saastamoinen et ai. 1992 , Saastamoinen and Juusela 1993 .
In Standardbred trotters, the average daily energy intake corresponds to the requirements of light work as given by Salo et al. (1990) , Meyer (1992) and DLG (1984) , but it was about 5% lower than that recommended for light work by NRC (1989) . In Finnhorse trotters, the average daily energy intake agrees with the requirements for moderate work given by Salo et al. (1990) and by German standards, but it was about 10% below the NRC ( 1989) recommendations for moderate work. In the case of Finnhorses, however, the individual daily energy intake among horses in different studies was found to vary from 5.0 to 9.5 FFU (73-137 MJ DE), with the upper limit corresponding to the energy recommendations for intense work (SALO et al. 1990 , DLG 1984 , NRC 1989 . It is not possible to draw any conclusions about Standardbred trotters because of their small number included in the trials.
A warmblooded riding school horse (n= 16) working 2 to 2.5 hours daily consumed 6.3 FFU (106.4 MJ DE) per day on an average (Kossila et al. 1972 ). The individual variation was about 4.8 to 8.0 FFU . A riding horse (n=6) that was intensively ridden ("privately owned") one hour per day required 6.2 FFU (104.9 MJ DE), on an average (Kossila et al. 1972) .
In the studies of Kossila and Ljung (1977) (n=22) , and Juusela (1989) (n=l6), the average energy consumption of warmblooded riding horses in regular work (education of riding instructors or light competition) was 5.7 (91.6 MJ DE) and 6.4 FFU (88.6 MJ DE) per day, respectively. The individual variation among the horses in the data of Juusela (1989) The energy intake of riding horses of the Finnhorse breed (n=4l) in regular work (riding teaching in groom training programme and light competition) can be estimated to average 5.7 FFU (88.1 MJ DE) per day on the basis of different studies (SAAS-TAMOINEN et al. 1992, Saastamoinen and Juusela 1993, Saastamoinen, unpublished) . This corresponds to the energy requirements of warmblooded riding horses in regular work. The individual variation between horses in different trials was 4.5-9.5 FFU (67-137 MJ DE).
The average daily energy intake of young stallions during a 100-day test was 5.6 FFU (Saastamoinen 1983). Work-horses of the Finnhorse breed pulling light loads consumed5.4 FFU per day on an average (Kossila et al. 1979 ).
The energy expenditure for work increased along with increased work intensity, as illustrated in Figure 1 , for which the data were adapted from Juusela (1989) . It depended also on the use of the horse (Table 3) .
For one hour of work (100 kg' 1 ), an intensively ridden "privately owned" horse required more than two times the energy consumed by riding school horses and other regularly exercised horses (Table 3) . Similarly, the energy required by intensively ridden horses for one hour of work was about twice that consumed by young stallions during their 100-day performance test (SAASTAMOINEN 1983 ). The energy consumption for one hour of work by Finnhorse riding horses was about 25% lower than the energy required by Finnhorse trotters.
The energy consumption (above maintenance) calculated per one hour of work and 100 kg body weight for different horse groups by type of work were in reasonable agreement with the energy expenditures reported for medium trot by DLG (1984) and for fast walk -slow trot by Hintz et al. (1971) and Pagan and Hintz (1986) , as well as for light to moderate work (riding horses) by Martinßosset (1990) . Kossila et al. (1972) reported a higher energy consumption for work by geldings than by mares. Also in the data ofSaastamoinen et al. (1992) , the energy intake of Finnhorse stallions and geldings was somewhat higher than that of mares.
It can be assumed that most horses can be fed according to the current recommendations for moderate work. However, there was considerable individual variation in energy consumption among horses engaged in work of the same intensity. The variation was wider in Finnhorses than in warmblooded horses.
Pregnancy and lactation
The average daily energy intake of pregnant mares (n=43) (late pregnancy; 9-11 months ofpregnancy) varied from 4.5 to 5.8 FFU in different studies (Peltonen et al. 1980 , Peltonen 1986 Lähdekorpi (1991) was above that recommended by DLG (1984) and NRC (1989) Juusela, 1989) . Saastamoinen, unpublished) . This agrees with NRC (1989) and Martinßosset (1990) but is somewhat higher than that recommended by DLG (1984). Kossila et al. (1978) measured an average daily intake as high as 6.9 FFU (82.1 MJ DE) (n=ls) for weanling Finnhorse foals, which was much above the recommended energy intake for weanlings in Finland (e.g. Aalto 1954 , Salo et al. 1990 ).
Protein Work
The average digestible crude protein (DCP) allowance for working horses (trotters and riding horses) in the different studies was 580 g per day (Kossila et al. 1972 , Peltonen et al. 1978 , Saastamoinen et al. 1992 , Saastamoinen and Juusela 1993 . This was about 100 g more than that recommended by Dlg (1984) . However, Zmua (1991) reported for German Standardbred trotters a DCP intake of 180% of the level recommended by DLG (1984) . The DCP intake per FFU varied from about 90 to 116 g/FFU (Table 4) , and was not found to differ significantly between horses in differentperformances.
Pregnancy and lactation
The average DCP intakes reported for pregnant mares during late pregnancy (9th-11th month) were 550-670 g per day, and 94-105 g/FFU (Peltonen 1986 ,Saastamoinen et al. 1990 ). Saastamoinen et al. (1990) reported a DCP intake of 900 g (118 g/FFU) per day during early lactation (1-3 months Peltonen et al. (1980) reported an average daily intake of 957 g DCP. Peltonen (1986) suggested a minimum requirement of 700-900 g DCP per day during early lactation. The reported protein intakes were higher than the recommended levels in Germany (DUG 1984) for pregnancy, but somewhat lower than those for lactation.
Growth
The digestible crude protein intakes of foals (6-12 months) in different trials , Peltonen et al. 1985 , Saastamoinen and Koskinen 1993 varied from 370 to 1081 g (110-150 g/FFU) per day. However, it seems that an intake of 480-550 g DCP per day is adequate for normal growth of weanling foals, which agrees with DUG (1984) , and that the lysine content of the diet is more important than the total protein intake (Saastamoinen and Koskinen 1993, Saastamoinen, unpublished) .
General discussion It appears that the energy and protein recommendations for adult working horses in Finland today are overestimated. This is because the old feeding recommendations, originally made for horses in farm work, are still in use. Furthermore, the individual needs of a single horse and differences between breeds and purposes of the horses are not well recognized by the horse owners.
It is particularly important to pay attention to the requirements of high performance horses. IGNAtoff and Hintz (1980) and Gallagher et al. (1992) in USA, and Zmua (1991) in Germany, reported much higher DE and protein intakes for Standardbred trotters onrace tracks than the intakes reported in the studies reviewed here. However, big differences between stables and individual horses were observed also in the U.S. and German studies.
The horses included in the reviewed trials were not on a very high performance level. Riding horses were used mainly in education or they were trained for low-level competitions (e.g. dressage in elementary classes: 100-110 cm obstacles). The trotters were trained mainly according to a special schedule which included slow trotting daily plus a weekly "heat" (interval) However, performance depends more on the genetic potential of the horse than on its nutrition. Horses with different potentials are mainly trained with the same methods, so it can be assumed that no major differences in the feed and nutrient intakes should be expected between horses on different performance levels. Different training schedules and other environmental factors may be the reason for the considerable differences between the reviewed Finnish studies and the studies carried out on race tracks in USA and Germany.
It can be concluded that new norms for nutrient requirements and feeding standards are needed in Finland separately for trotters and riding horses of both breeds (Finnhorses, warmblooded horses). In addition, riding horses should be divided into different categories, e.g. riding school horses, competition horses and pleasure horses.
Concerning pregnant and lactating mares, the energy and protein recommendations given by PEL-TONEN et al. (1980) and Peltonen (1986) and Salo et al. (1990) are still relevant and correspond to foreign recommendations.
As regards growing horses, recommendations both for outdoor housing and for traditional indoor housing are needed, because of the influence of temperature on feed consumption (Cymbaluk and Christison 1990) . It seems that the current Finnish protein recommendations (in terms of digestible crude protein) for growing foals could be decreased by about 10-15% if the lysine intake is as high as recommended by e.g. NRC (1989) .
The net energy system, on which the FFU and also the French horse feed unit (UFC) are based, is the best basis for comparison of the energy values of feedstuffs and can be considered the most suitable system in horse nutrition (e.g. Martin-Ros-SET 1992), whereas the digestible energy (DE) system, overestimates the energy values of feeds. The maintenance FFU requirement (Salo et al. 1990 ) calculated per kilogram of metabolic weight equals the French horse feed unit (UFC) requirement for maintenance.
The energy requirements of exercising horses seem to be more efficiently determined per one hour of work than per day, because there is more variation in the amount of daily activity and work than, e.g., in the training methods and training intensity in a particular horse group. However, it is complicated to determine the energy requirements for work because there are so many factors affecting these requirements. In addition to work intensity, factors such as terrain, type of ground surface, and ability of the rider affect the energy expenditure of a horse. Feeds and their combination in the diet, as well as the breed and sex of the horse, also may have an influence on energy consumption. Furthermore, climatic conditions, especially temperature and wind velocity, have been found to affect the energy consumption of a horse (PAGAN and HINTZ 1986, CYMBALUK and CHRISTISON 1990) . Thus, more research is needed before new recommendations can be established. It is also important to utilize all available data from practical conditions in determining the recommendations.
